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Abstract:  
Influenza A Virus with its global dominance is a significant pathogen. Influenza A Virus is 
responsible for seasonal epidemics, apart from the pandemics which occur occasionally.  
Investigation of influenza A virus genomes from various strains of influenza A virus belonging 
to various hosts, revealed a novel open reading frame encoding a protein of 126 residues long 
with a molecular weight of ~13.9kDa in a (+) sense orientation. This protein is named as NEG7 
and is a single pass transmembrane protein with a putative ion channel function. Identification 
of this novel (+) sense oriented ORF , further confirms the concept of ambisense (bipolar) 
functioning of the influenza A virus genome. 
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Introduction 
Influenza virus belongs to orthomyxoviridae family, which is enveloped with negative sense RNA 
genome. A, B and C are major serotypes of influenza virus [1]. Influenza A Virus (IAV) with its global 
dominance is a significant pathogen among the three serotypes [1]. IAV is responsible for five 
devastating pandemics in the years 1918, 1957, 1968, 1977 and 2009 [2-6]. Apart from these 
pandemics, IAV also causes seasonal epidemics with moderate severity. When a pathogenic IAV of 
animal or avian origin attains the potential of efficient human-human transmission, then influenza 
pandemics seems to arise [7, 8]. This potential can be accomplished either by an event of mutation or 
by reassortment of viral RNA segments between animal/avian and human viruses [7, 8]. 
 Viral neucleocapside of IAV consists of eight separate RNA segments and these segments 
encode up to seventeen proteins [9]. Lately, it has been proposed that the eighth segment of IAV 
encodes an new protein in the positive sense orientation, namely negative-sense protein [10,11, 12]. 
Identifying a novel gene in a clinically significant human respiratory virus is an intriguing, due to the 
fact that gene number is normally small in this pathogen and any new gene markedly rises the 
repertoire of the proteome of this virus. 
 Segment 7 encodes for five different proteins, namely M1 protein , M2 protein, M3 protein, 
M4 protein and M42 protein [1 3]. In the present study, segment MP of IAV strain A/Hong 
Kong/01/1968(H3N2) was anlysed. The seventh segment, besides five (-) sense open reading 
frame(ORF) encoding proteins, also contain an (+) sense oriented ORF, which may encode a 
~13.9kDa protein (NEG7), which has the attributes of  a transmembrane protein. Further analysis of 
MP gene from diffrent strains of IAV across various hosts confirmed the presence of the (+) sense 
oriented ORF.These results suggests the presence of two populations of IAV genus, that is ambisense 
and (-) sense viruses.  
Methods 
Source of IAV Nucleotide sequence and multiple alignments 
Nucleotide sequences of MP gene from different strians of IAV from different hosts were selected at 
random and downloaded from the National Centre for Biotechnology Information (NCBI) influenza 
virus resource ( https://www.ncbi.nlm.nih.gov/genomes/FLU/Database/ nph-select.cgi?go=database) 
[14]. To identify the (+) sense NEG7 ORF in the MP gene, NCBI ORF Finder 
(https://www.ncbi.nlm.nih.gov/orffinder/) was used. For alignment of the obtained protein sequences, 
Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) [15] using default settings was used. 
Transmembrane region prediction 
For identification of transmembrane regions in NEG7 protein, Consensus Constrained TOPology 
prediction (CCTOP) server (http://cctop.enzim.ttk.mta.hu) [17] was used. The CCTOP identified 
transmembrane regions in the protein by combining results from seven different transmembrane 
region prediction methods [17]. 
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Disordered region prediction 
For identification of disordered regions in the NEG7 protein, metaPrDOS server (http://prdos. 
hgc.jp/cgi-bin/meta/top.cgi) [16] was used. The metaPrDOS identified disordered regions in the 
protein by combining results from eight different disorder prediction methods [16].  
Results and Discussion  
Novel NEG7 protein 
In this study, segment MP of IAV strain A/Hong Kong/01/1968(H3N2) was anlysed using NCBI ORF 
Finder. The seventh segment contain a novel (+) sense oriented ORF, which encode a 126 amino acid 
(~13.9kDa) protein, which is shown in Figure 1 (A) (B). In order to check that the novel (+) sense 
oriented ORF is not false positive result of NCBI ORF Finder, 259 sequences of various strains from 
different hosts were randomly selected and analyzed as shown in Table 1. All the strains of IAV 
contained the novel (+) sense oriented NEG7 ORF. This confirms that NEG7 is novel protein product 
of segment seven. Of the 259 sequences, 257 sequences were selected and multiple sequence 
alignment was performed. Despite the sequence belong to various strains of IAV and from different 
host, the sequence of NEG7 showed high degree of conservation that is 51.6 percent (65 residues) 
amino acid positions showed no residue variation at all. These residues might be of functional or 
structural importance [18, 19] and are shown in Figure 1 (C). 
 
 
 
Figure 1 (A) Location of NEG7 open reading frame in MP segment; (B) NEG7 protein sequence; (C) Highly 
conserved residues (shown in red) in NEG7 protein. 
Transmembrane region prediction 
The NEG7 protein consists of a single transmembrane domain from residues Val11 to Leu34, shown 
in Figure 2 (A) (B). Residues Met1 to Asn10 form an ectodomain, while residues Arg35 to Ala126 
form a cytoplasmic domain. This clearly indicated that the NEG7 protein is a single pass 
transmembrane protein. Segment seven is known to encode two single pass transmembrane ion 
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channel proteins namely M2 protein and M42 protein [13]. Now the data from this study suggests that, 
there is a third ion channel in the (+) sense strand of the seventh segment. Whether the ion channel 
protein NEG7 has an independent function or functions along with other ion channels is yet to be 
established.   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 (A) Various domains of NEG7 protein; (B) Graphical representation of NEG7 protein; (C) Disordered 
residues (highlighted in red) in NEG7 protein  
Disordered region prediction 
The NEG7 protein was found to be highly ordered protein. Out of 126 amino acid residues, only four 
residues were found to be disordered. Residues Met1, Ser2, Ala3 and Ala126 were found to be 
disordered, while residues Ile4 to Phe125 were found to be ordered and is shown in Figure 2 (C). This 
indicated that the novel NEG7 is a highly ordered protein with a fixed structure. 
Conclusion  
In culmination, this study has identified a novel (+) sense oriented ORF  in the MP gene. This novel 
ORF is present in all the strains of IAV from different hosts. The protein product of this novel ORF is 
named as NEG7 protein. This protein is a 126 amino acid long with a molecular weight of ~13.9kDa. 
NEG7 is a single pass transmembrane protein with a probable ion channel function. This function of 
NEG7 protein should be experimentally validated in the future. This study also highlights the 
importance of NEG7 protein, as it is present in all the strains of IAV. Identification of this novel ORF 
also conform the ambisense nature of IAV.  
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Table 1 The IAV strains from various hosts which contain NEG7 ORF. 
 
Host Influenza A virus strains 
Avian A/wild bird/Wuhan/WHHN16/2014(H1N1) 
A/mallard duck/Netherlands/20/2012(H1N1) 
A/duck/Guangxi/GXd-1/2011(H1N2) 
A/duck/Guangxi/GXd-4/2011(H1N2) 
A/blue-winged teal/Guatemala/CIP049H102-08/2011(H1N3) 
A/ruddy turnstone/Delaware Bay/150/1994(H1N4) 
A/mallard duck/New York/6861/1978(H1N5) 
A/mallard duck/ALB/42/1977(H1N6) 
A/shorebird/Delaware Bay/226/2009(H1N7) 
A/Egyptian goose/South Africa/AI1448/2007(H1N8) 
A/shorebird/Delaware Bay/47/2002(H1N9) 
A/ruddy turnstone/Delaware/34/1993(H2N1) 
A/duck/Hong Kong/319/1978(H2N2) 
A/mallard duck/ALB/353/1988(H2N3) 
A/mallard/Interior Alaska/12ML00064/2012(H2N4) 
A/mallard duck/ALB/884/1984(H2N5) 
A/mallard/California/UCD353/2014(H2N6) 
A/northern shoveler/California/HKWF1128/2007(H2N7) 
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A/herring gull/DE/692/1988(H2N8) 
A/laughing gull/NJ/75/1985(H2N9) 
A/mallard duck/ALB/25/1976(H3N1) 
A/duck/Hong Kong/7/1975(H3N2) 
A/blue-winged teal/Guatemala/CIP049H109-14/2012(H3N3) 
A/mallard duck/ALB/1012/1979(H3N4) 
A/mallard duck/ALB/663/1979(H3N5) 
A/mallard duck/Netherlands/2/2013(H3N6) 
A/northern shoveler/California/HKWF848/2007(H3N7) 
A/duck/UKR/1/1963(H3N8) 
A/American green-winged teal/Texas/AI09-4396/2009(H3N9) 
A/mallard/ALB/47/1998(H4N1) 
A/turkey/Minnesota/833/80 (H4N2) 
A/blue-winged teal/Guatemala/CIP049H103-30/2011(H4N3) 
A/mallard duck/ALB/581/1983(H4N4) 
A/blue-winged teal/ALB/67/1990(H4N5) 
A/Budgerigar/Hokkaido/1/77 (H4N6) 
A/American wigeon/California/HKWF450/2007(H4N7) 
A/pintail/Alberta/207/1999(H4N8) 
A/mallard duck/New York/180/1986(H4N9) 
A/Chicken/Hong Kong/NT873.3/01(H5N1) 
A/American wigeon/California/COL041/2014(H5N2) 
A/duck/Hong Kong/205/1977(H5N3) 
A/blue-winged teal/Guatemala/CIP049-12/2010(H5N4) 
A/duck/Hubei/03/2010(H5N5) 
A/Pavo cristatus/Jiangxi/JA1/2016(H5N6) 
A/cinnamon teal/California/HKWF1111/2007(H5N7) 
A/green-winged teal/Egypt/871/2016(H5N8) 
A/guinea fowl/France/150207n/2015(H5N9) 
A/duck/Hong Kong/d73/1976(H6N1) 
A/turkey/Massachusetts/3740/1965(H6N2) 
A/mallard duck/ALB/76/1985(H6N3) 
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A/laughing gull/New York/470/2000(H6N4) 
A/black duck/AUS/4045/1980(H6N5) 
A/duck/Hubei/2/2010(H6N6) 
A/American green-winged teal/Ohio/13OS2070/2013(H6N7) 
A/knot/DE/526/1988(H6N8) 
A/mallard duck/ALB/1151/1979(H6N9) 
A/ring-necked duck/Texas/A00766403/2009(H7N1) 
A/bufflehead/Virginia/A00120022/2008(H7N2) 
A/laughing gull/NY/2455/2000(H7N3) 
A/northern shoveler/Utah/A00461133/2009(H7N4) 
A/mallard duck/ALB/224/1977(H7N5) 
A/northern shoveler/Mississippi/A00630207/2009(H7N6) 
A/ruddy turnstone/DE/2/1988(H7N7) 
A/mallard/New Jersey/A00122457/2008(H7N8) 
A/mallard/Alberta/177/2004(H7N9) 
A/northern shoveler/Mississippi/11OS5900/2011(H8N1) 
A/mallard/Sweden/60041/2007(H8N2) 
A/American green-winged teal/California/44287-395/2007(H8N3) 
A/green-winged teal/Texas/7/2001(H8N4) 
A/northern pintail/Alaska/104/2011(H8N8) 
A/laughing gull/DE/5/2003(H9N1) 
A/shorebird/DE/286/2003(H9N2) 
A/Mediterranean gull/Republic of Georgia/1/2011(H9N3) 
A/ruddy turnstone/Delaware/1070/2002(H9N4) 
A/ruddy turnstone/DE/2576/1987(H9N5) 
A/ruddy turnstone/DE/510/1988(H9N6) 
A/ruddy turnstone/Delaware Bay/261/1999(H9N7) 
A/duck/Guangxi/LAD9/2009(H9N8) 
A/ruddy turnstone/Delaware/650633/2002(H9N9) 
A/mallard duck/ALB/742/1981(H10N1) 
A/duck/Alaska/658/1991(H10N2) 
A/northern shoveler/California/HKWF1005/2007(H10N3) 
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A/ruddy turnstone/Delaware/76/2000(H10N4) 
A/red knot/Delaware/2561/87(H10N5) 
A/pintail duck/ALB/584/1984(H10N6) 
A/mallard duck/Minnesota/19/1979(H10N7) 
A/turkey/Minnesota/5/1979(H10N8) 
A/duck/Hong Kong/562/1979(H10N9) 
A/aquatic bird/India/NIV-17095/2007(H11N1) 
A/blue-winged teal/Guatemala/CIP049-10/2009(H11N2) 
A/blue-winged teal/Guatemala/CIP049H105-04/2011(H11N3) 
A/ruddy turnstone/New Jersey/Sg-00557/2008(H11N5) 
A/mallard/Alberta//1999(H11N6) 
A/ruddy turnstone/New Jersey/471606/2001(H11N7) 
A/mallard/Maryland/08OS3109/2008(H11N8) 
A/ruddy turnstone/DE/637/1988(H11N9) 
A/mallard duck/Alberta/342/1983(H12N1) 
A/mallard/Wisconsin/214/1977(H12N2) 
A/ruddy shelduck/Mongolia/P52/2005(H12N3) 
A/ruddy turnstone/Delaware/94/2000(H12N4) 
A/ruddy turnstone/DE/97/2000(H12N5) 
A/American black duck/New Brunswick/00998/2010(H12N6) 
A/sanderling/New Jersey/471580/2001(H12N7) 
A/wild goose/Dongting/C1037/2011(H12N8) 
A/mallard/Maryland/07OS1544/2007(H12N9) 
A/turkey/Minnesota/1012/1990(H13N2) 
A/laughing gull/DE/554/1988(H13N3) 
A/gull/Minnesota/945/1980(H13N6) 
A/black-headed gull/Netherlands/1/2000(H13N8) 
A/shorebird/DE/68/2004(H13N9) 
A/northern shoveler/Mississippi/12OS456/2012(H14N2) 
A/blue-winged teal/Guatemala/CIP049H105-15/2011(H14N3) 
A/blue-winged teal/Guatemala/CIP049H113-08/2013(H14N4) 
A/mallard duck/Astrakhan/263/1982(H14N5) 
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A/mallard duck/AST/244/1982(H14N6) 
A/Northern shoveler/Missouri/16OS6248/2016(H14N7) 
A/white-winged scoter/Wisconsin/10OS3922/2010(H14N8) 
A/teal/Chany/7119/2008(H15N4) 
A/mallard duck/Sweden/139579/2012(H15N5) 
A/shearwater/Australia/2576/1979(H15N6) 
A/mallard/Novomychalivka/2-23-12/2010(H15N7) 
A/wedge-tailed shearwater/Western Australia/2576/1979(H15N9) 
A/black-legged kittywake/Alaska/295/1975(H16N3) 
A/black-headed gull/Netherlands/43/2008(H16N8) 
Bat A/little yellow-shouldered bat/Guatemala/060/2010(H17N10), 
A/flat-faced bat/Peru/033/2010(H18N11) 
Blow Fly A/blow fly/Kyoto/93/2004(H5N1) 
Camel A/camel/Mongolia/335/2012(H3N8) 
Canine A/canine/Guangxi/LZ20/2015(H1N1) 
A/canine/Guangxi/NN45/2014(H1N2) 
A/canine/Korea/1/2010(H3N1) 
A/canine/Guangdong/1/2006(H3N2), 
     A/canine/Florida/15592.1/2004(H3N8)  
A/dog/Shandong/JT01/2009(H5N2) 
A/canine/Taiwan/E01/2014(H6N1) 
cat A/cat/France/0514/2009(H1N1) 
A/feline/Korea/01/2010(H3N2) 
A/cat/Germany/606/2006(H5N1) 
A/cat/Sichuan/SC18/2014(H5N6) 
Cheetah A/cheetah/CA/30954/2009(H1N1) 
Civet A/civet cat/Cambodia/X0313307/2013(H5N1) 
Environment A/environment/Gainesville/12/2016(H1N1) 
A/environment/Indiana/08OS3524/2008(H1N2) 
A/environment/Korea/UPO218/2008(H1N6) 
A/env/California/7303/2008(H2N3) 
A/environment/Ohio/994/2005(H3N2) 
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A/environment/Maryland/05OS1169/2005(H3N6) 
A/surface water/Minnesota/W07-2241/2007(H3N8) 
A/environment/Mexico/CPA-04740/2011(H4N2) 
A/environment/Ohio/08OS1302/2008(H4N3) 
A/feces/New Jersey/2413/2000(H4N6) 
A/environment/Indiana/10OS1511/2010(H4N8) 
A/environment/Hunan/S11511/2012(H4N9) 
A/environment/Korea/W150/2006(H5N1) 
A/environment/NY/5626-2/98(H5N2) 
A/env/California/7251/2008(H5N3) 
A/environment/New York/200269-18/2002(H5N4) 
A/environment/Zhenjiang/C13/2013(H5N6) 
A/environment/Korea/W486/2015(H5N8) 
A/environment/Sichuan/315069/2015(H6N2) 
A/feces/Delaware/362/2002(H6N4) 
A/environment/Guangdong/GZ090/2013(H6N6) 
A/environment/Maryland/09OS1030/2009(H6N8) 
A/environment/NY/260422-10/2003(H7N2) 
A/environment/Canada/av41/2004(H7N3) 
A/environment/Korea/W267/2007(H7N4 
A/environment/Korea/W109/2006(H7N7) 
A/environment/Hunan/SD009/2015(H7N9) 
A/feces/Hunan/1-23/2007(H9N2) 
A/feces/Delaware/570/2002(H9N9) 
A/environment/New Jersey/UGAI16-1084/2016(H10N2) 
A/environment/New Jersey/UGAI16-1121/2016(H10N4) 
A/environment/New Jersey/UGAI16-2325/2016(H10N5) 
A/environment/Maryland/05OS1173/2005(H10N7) 
A/environment/Dongting Lake/Hunan/3-9/2007(H10N8) 
A/environment/New Jersey/UGAI16-2271/2016(H10N9) 
A/environment/Hunan/S1798/2012(H11N2) 
A/environment/Fujian/S1XA33/2017(H11N3) 
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A/environment/New Jersey/UGAI16-1055/2016(H11N5) 
A/environment/Delaware/235/2005(H11N6) 
A/environment/California/7650/2008(H11N8) 
A/environment/Maryland/08OS1550/2008(H11N9) 
A/environment/Maryland/09OS1296/2009(H12N5) 
A/environment/Hunan/S4484/2011(H12N7) 
A/environment/California/1242V/2012(H16N3) 
Equine A/equine/Kentucky/2/86 (H3N8) 
A/equine/Cornell/16/74(H7N7) 
A/equine/Guangxi/3/2011(H9N2) 
Feline A/feline/Guangdong/1/2012(H3N2) 
A/feline/Guangdong/2/2015(H5N6) 
A/feline/New York/WVDL-14/2016(H7N2) 
Ferret A/ferret/Indonesia/5-F1/2005(H5N1) 
A/ferret/Maryland/P10-UMD/2012(H9N2) 
Human A/Puerto Rico/8/1934(H1N1) 
A/New York/209/2003(H1N2) 
A/Singapore/1/1957(H2N2) 
A/Santa Cruz do Sul/LACENRS-2672/2013(H3N1) 
A/Aichi/2/68 (H3N2) 
A/Hong Kong/156/97(H5N1) 
A/Changsha/1/2014(H5N6) 
A/New York/107/2003(H7N2) 
A/Canada/rv504/2004(H7N3) 
A/Italy/3/2013(H7N7) 
A/Kunming/KMCDC-YHY/2017(H7N9) 
A/Hong Kong/1073/99(H9N2) 
A/Jiangxi/IPB13/2013(H10N8) 
Lion A/lion/Hubei/1-2/2016(H5N1) 
Mink A/mink/South Dakota/A01279427/2012(H1N1) 
A/mink/Iowa/30943/2010(H1N2) 
A/mink/Wisconsin/31512-7/2012(H3N2) 
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A/mink/China/G/2015(H5N1) 
A/mink/Shandong/F6/2013(H9N2) 
A/mink/Sweden/3900/1984(H10N4) 
Muskrat A/muskrat/Russia/63/2014(H2N2) 
A/musk rat/Buryatiya/1944/2000(H4N6) 
Panda A/giant panda/Ya'an/01/2009(H1N1) 
Pika A/pika/Qinghai/BI/2007(H5N1) 
Raccoon Dog A/raccoon dog/Shandong/sd1/2005(H5N1) 
Reassortant A/reassortant/H9N2:pH1N1_RGpassage7(quail/Hong Kong/G1/1997 x 
California/04/2009)(H9N2) 
Seal A/seal/Massachusetts/3911/1992(H3N3) 
A/harbor seal/Massachusetts/1/2011(H3N8) 
A/seal/Massachusetts/133/1982(H4N5) 
A/Caspian seal/Russia/1884/2002(H4N6) 
A/seal/Massachusetts/1/1980(H7N7) 
A/harbour seal/Germany/1/2014(H10N7) 
Sloth Bear A/sloth bear/District of Columbia/6365/2014(H1N1) 
Stone Marten A/stone marten/Germany/R747/2006(H5N1) 
Swine A/swine/29/37 (H1N1) 
A/swine/Albersloh/IDT14635-3/2012(H1N2) 
A/swine/England/191973/92(H1N7) 
A/swine/Missouri/4296424/2006(H2N3) 
A/swine/Changhua/72-10B5/2003(H3N1) 
A/swine/Argentina/CIP051-A2/2008(H3N2) 
A/swine/Ontario/42729A/01(H3N3) 
A/swine/Anhui/01/2006(H3N8) 
A/swine/Kazakhstan/106/1985(H3N6) 
A/swine/Hubei/06/2009(H4N1) 
A/swine/Missouri/A01727926/2015(H4N6) 
A/swine/Guangdong/K4/2011(H4N8) 
A/swine/Fujian/F1/2001(H5N1) 
A/swine/Mexico/GtoDMZC02/2014(H5N2) 
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A/swine/Guangdong/2/2014(H5N6) 
A/swine/Guangdong/K6/2010(H6N6) 
A/swine/KU/16/2001(H7N2) 
A/swine/Korea/S452/2004(H9N2) 
A/swine/Hubei/10/2008(H10N5) 
A/swine/KU/2/2001(H11N6) 
Tiger A/tiger/Yunnan/tig1404/2014(H5N1) 
Whale A/whale/Maine/328B/1984(H13N2) 
wild boar A/wild boar/Brazil/214-11-13D/2011(H1N2) 
A/wild boar/Germany/WS169/2006(H3N2) 
Unknown A/unknown/New York/1971-40/1998(H1N1) 
A/unknown/unknown/G500/unknown(H3N8) 
A/unknown/USA/unknown(H4N6) 
A/unknown/Prachinburi (Thailand)/6231/2004(H5N1) 
A/unknown/unknown/G444/unknown(H5N2) 
A/unknown/New Jersey/456488/2006(H5N8) 
A/unknown/New York/11646-9/2005(H7N2) 
 
 
